The formation from aqueous solution of networks containing piperazinium hydrochlorides with copper(I) chloride is described. Four new X-ray crystal structures are reported: (H2Pip)[Cu2Cl4] (two isomeric phases: 1A and 1B), (H2MePip)[Cu3Cl5] (2), and (H2Me2Pip) [Cu4Cl6] (3) (Pip = piperazine, MePip = N-methylpiperazine, Me2Pip = N,N´dimethylpiperazine. In 1A (P-1, a = 6.3141(2), b = 6.8248(2), c = 6.9067(2),  = 90.707(2),  = 110.748(2),  = 110.799(2), V = 256.918(13), Z = 2) corner-sharing Cu2Cl2 rhomboid dimers form infinite chains running parallel to the a-axis. In 1B (Pbcn, a = 9.9442(6), b = 8.0622(5), c = 13.1301(7), V = 1052.67(11), Z = 8) the Cu2Cl2 dimers are linked by -Cl into Cu6Cl8 rings which form hexagonally tiled sheets running parallel to the a,b plane. In 2 (P-1, a = 8.0815 (7), b = 9.6584(9), c = 9.7900(8),  = 70.231(4),  = 77.180(4),  = 70.587(4), V = 673.05(10), Z = 2) alternating Cu3Cl3 and Cu4Cl4 rings are fused to form ribbons that run parallel to the a-axis.
Introduction
Transition metals readily form metallates through coordination of anionic ligands. Univalent Group 10 metals in particular are known to produce a wide range of oligomeric or polymeric polyhalides, [MnXn+y] y-(X = Cl, Br, I) and polysulfides, [M2nSn+y] 2y-. Herein, we focus on halocuprate(I) anions, [CunXn+y] y-, of which a large number are known, the majority forming simple corner-sharing chains, I. 1 In other cases, further catenation is observed, producing polymeric species such as II -VII. [2] [3] [4] [5] [6] [7] A few more unusual halocuprate arrangements have also been reported as well. 8 Structures I -III are based solely on rhomboidal Cu2X2 units, which can share corners or edges, while the more complex structures VI -VII incorporate cyclic Cu3X3 and Cu4X4 units in addition to the ubiquitous Cu2X2. Terminal halides, such as seen in VI, are not common. The formation of 2D halocuprate networks is very rare with only three cases reported.
Two of these are represented by structure VII, which consists of linked pairs of (6,3) hexagonal the formation of crystals, which were collected by filtration and washed with 95% ethanol and then diethyl ether (0.604 g, 68.0%).
Piperazinium tetrachlorodicuprate(I) (1B) was prepared under similar conditions to those used for 1A, except that 10.0 mmol piperazine was used. (0.238 g, 26.8%) N-Methylpiperazinium pentachlorotricuprate(I) (2) was prepared under similar conditions to those used for 1A, except that N-methylpiperazine was used (C5H12N2, 0.278 g, 35.5%).
N,N´-Dimethylpiperazinium hexachlorotetracuprate(I) (3) was prepared under similar conditions to those used for 1A, except that N,N´-dimethylpiperazine was used (C6H14N2, 0.332 g, 45.5%).
X-ray crystallography.
Crystals were grown from the aqueous reaction mixtures as described above. Crystals were mounted on glass fibers. All measurements were made using graphite-monochromated Cu K radiation on a Bruker-AXS three-circle diffractometer, equipped with a SMART Apex II CCD detector. Initial space group determination was based on a matrix consisting of 120 frames.
The data were reduced using SAINT+, 9 and empirical absorption correction applied using
SADABS. 10
Structures were solved using direct methods. Least-squares refinement for all structures was carried out on F 2 . The non-hydrogen atoms were refined anisotropically. Hydrogen atoms in 1A and 1B were located in the Fourier difference map and then allowed to refine isotropically; hydrogen atoms in 2 and 3 were placed in calculated positions attached to adjacent carbon and nitrogen atoms and allowed to refined isotropically as riding models. Structure solution, refinement and the calculation of derived results were performed using the SHELXTL package of computer programs. 11 Packing diagrams were produced using Mercury. 12 Details of the X-ray experiments and crystal data are summarized in Table 1 . Selected bond lengths and bond angles are given in Table 2 and hydrogen-bonds are listed in Table 3 .
Results and Discussion

Synthesis
The various chlorocuprates described herein (except for 1B) were prepared from aqueous . In all cases an excess of copper over Pip´ was noted in the product, despite the use of 1:1 reactant ratio. Therefore, an experiment was carried out using 1:2:2 CuCl2•2H2O:NH2OH•HCl:Pip in order to increase the Pip loading. Interestingly, instead of altering the Cu:Pip ratio, the result was formation of a product, 1B, which was isomeric to 1A.
All of the products described herein are somewhat air-sensitive, decomposing to green Cu(II) materials over the course of several weeks when stored in air at reduced temperature.
x CuCl2•2H2O + 2 NH2OH•HCl + Pip´ → (H2Pip´) [CuxClx+2] (1)
Piperazinium tetrachlorodicuprate(I) chain isomer (1A)
Significant structural diversity was observed in the various chlorocuprate(I) polyanions prepared in the course of this study. The simplest of these networks was found for 1A, which crystallizes in the triclinic space group P-1; a packing diagram is shown in Figure 1 . Compound 1A is formed from a single independent copper atom and two chlorine atoms. The structure contains copper-sharing chains of rhomboid Cu2Cl2 dimers. The two Cu … Cu distances across the dimer units measure 3.1620(7) and 3.1671 (7) Piperazinium tetrachlorodicuprate(I) sheet isomer (1B)
As described above, the use of additional Pip in the standard reaction did not alter the The NH2 nitrogen atom, N2, shows potential hydrogen-bonding interactions to Cl3, Cl4 and Cl5.
However, as was the case for 1B, only two of these interactions are formally allowable, given the presence of only two hydrogen atoms at this site.
N,N´-Dimethylpiperazinium hexachlorotetracuprate(I) (3)
The dimethylpiperazinium chlorocuprate network crystallizes in monoclinic space group C2/c. (6) 8.0815 (7) b, Å 6.8248(2) 8.0622(5) 9.6584 (9) c, Å 6.9067(2) 13.1301 (7) (5) 0.86 (5) 0.86 (5) 2.48 (3) 2.67 (4) 2.78 (4) 2.87 (4) 3.307 (2) 3.306 (2) 3.361 (2) 3.242 (2) 158 (3) 132 (3) 126 (3) 108 ( (6) 0.76 (6) 0.76 (6) 0.89 (6) 2.98 (5) 2.71 (5) 2.62 (5) 2.33 (6) 3.420 (4) 3.177 (4) 3.171 (4) 3.209 (4) 120 (4) 121 (4) 131 (4) 170 (5 (17) 3.3094 (16) 127.0
Conclusions
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Symmetry transformations used to generate equivalent atoms: a -x+1,-y+1,-z+1; b x,y+1,z; c -x+1,-y+1,-z+2; d -x+1,-y+1,-z+1; e x+1,y-1,z; f -x+3/2,y-1/2,z; g -x+1,-y+2,-z+1; h -x+1,-y+1,-z+1; i -x+1/2,y-1/2,-z+1/2; j -x+1/2,-y+1/2-z. 20 Captions for Figures. Figure 1 . Thermal ellipsoid (50%) drawing of 1A. 
